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Description 

This invention relates to a method of preparing precursors for superconductors based on ceramic oxides. 

As it is well known, superconductors are metals, alloys, oxides and, in general, compounds which have a drop in 
5 resistance up to values which are substantially nil at a temperature value known as the critical temperature of super- 
cunductivity (Tc) which is characteristic of each superconductor. 

During the last few years, different preparation methods for the most promising superconductor oxides have been 
studied and worked out. Among these are the YBCO (in the Y-Ba-Cu-O system, also known as 1 23, 1 24, etc. depending 
on the relative ratios of the metallic elements in the molecule), the BSCCO (Bi-Sr-Ca-Cu-O - also known as 2212 and 
10 2223 depending on the structure of the crystalline phase - and/or Bi(Pb)-Sr-Ca-Cu-O), sometimes the latter ones being 
also specifically identified as BPSCCO (Bi-Pb-Sr-Ca-Cu-O or Bl, PB-Sr-Ca-Cu-O or Bi(Pb)-Sr-Ca-Cu-O). It is also to 
be noted that the superconductive properties of these compounds are extremely sensitive even to small variations of 
their average stoichiometry (both for the metallic elements and their substituents, and for the oxygen content and other 
possible non metallic elements), as well as of their structural homogeneity. For instance, in some cases it is preferable 
is to produce materials having a slightly changed composition in comparison with the abovementioned nominal compo- 
sitions, or which comprise more than one crystalline phase. In any case, the possibility to actually produce a material 
having the desired composition is a very important feature of a method. 

In general, the preparation of superconductors based on oxides comprise: 

20 1 ) the preparation of a mixed oxide or of a finely blended mixture of oxides and sometimes also of other compounds 

capable of forming oxides by means of thermal treatments at sufficiently high temperatures, wherein the essential 
(metallic) elements are already present in the desired ratios and finely mixed (hereinafter referred to as "precursor 
for the superconductor"), it being capable of being transformed, essentially owing to the reactions occuring in the 
solid state when increasing the temperature, in the superconductive phase or phases; 

25 2) the thermal treatment of the above mentioned precursor aimed at forming the superconductive (crystalline) 

phase. 

In practice, steps (1 ) and (2) are followed by (3) the step of integration of the superconductive phase with a support 
(usually metallic, but also, depending on the application, of different nature) by means of intubation, spinning or dep- 

30 osition on ribbon or thread or the like. The steps from (1 ) to (3) may performed in a single stage or in separate stages. 

The preparation of the superconductive phase does not necessarily imply the preparation and manipulation of a 
single precursor (see for instance the preparation of superconductive layers deposited directly by means of sputtering, 
or from the vapour phase, on suitable supports). However, in the processes actually used for the production of bulk 
superconductor oxides, often it is preferred to prepare a single precursor in order to reach the most favourable condi- 

35 tions for the subsequent steps, for instance by compacting it, that is by forming pieces of appropriate shape and size. 

An example of the preparation of a superconductor for power transmission starting from precursors made of pow- 
dered oxides is the following technique which is known as "powder in tube". 

A silver tube is filled with the precursor or with a superconductive powder prepared from the same, and the filled 
tube is submitted to drawing, until it forms a compact oxide thread coated with a silver layer. By means of repeated 

40 mechanical operations, such as rolling and pressing, and thermal treatments, there are finally obtained threads or 
ribbons of superconductor oxide, coated with a silver layer. 

In the most conventional and direct method, the preparation of the superconductor oxides is accomplished with 
the so called "ceramic" method, that is with dry procedures, which comprise the calcination of mixtures (previously 
formed by means of mechanical grinding and mixing) of powders of oxides, carbonates and other suitable compounds 

45 of the elements making up the desired superconductors, in stoichiometric ratios. However such procedures do not 
allow the attainment of an intimate and uniform mixture of the desired elements. For such reasons wet methods have 
been developed as an alternative. 

In particular, as far as the preparation of oxides for the superconductors cited above is concerned, it has been 
proposed to overcome the drawbacks of the conventional "ceramic" techniques by means of solutions of the metallic 

50 elements, thus obtaining a mixture at the atomic level and in the desired ratios. The known wet methods differentiate 
themselves, in addition to the solvents used and the type of solution obtained (aqueous or organic solvents, with the 
presence of chelating agents, of metallo-organic compounds, salt solutions, colloidal solutions, etc.), also by the manner 
in which the desired mixtures separated therefrom (coprecipitation, hydrolysis, gel formation, spray-drying, freeze- 
drying ; etc.) and by the suitability to maintain at best in the separated mixtures the ratios among the metallic elements 

55 and their dispersion degree of as in the solution. An important group of these methods makes use of organic compounds 
which are subsequently removed by means of pyrolysis and/or oxidative thermal treatments, such as those required 
in any case for the formation of superconductor oxides. The plurality of the proposed methods is, on the one hand, a 
sign of the interest for the superconductors and, on the other hand, of the difficulties met for the attainment of valuable 
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compounds by means of flexible processes applicable on large scale in the preparation of the most part of the desired 
precursors, with a minimum adjustment of the operative parameters. 

Hereinafter, the expression "organic methods" indicates, for convenience sake, the methods which make use of 
substantial quantities of organic ingredients. 

s Among the known "organic methods", one of the most interesting is the so called citrate method which essentially 

comprises preparing an aqueous solution of nitrates or other derivatives of the desired metals, chelating the metal 
cations with citric acid, polymerizing the citric acid by itself or with ethylene glycol, removing water by evaporation and 
calcining the solid gel thus obtained (A. Aoki, Jpn. J. Appl. Phys. 29, (2), L270-L272, (1990); T. Asaka et al., Jpn. J. 
Appl. Phys. 29, (2), L280-L283, (1990); Tian-Shyng Heh et al., Jpn 'j. Appl. Phys. 29, (4), 652-655, (1990)). 

10 Indeed, because of their high water solubility, the use of nitrates, as well as of a certain excess of nitric acid, is 

somewhat generalized and especially needed in order to solubilize bismuth in the preparation of the important precur- 
sors of BSCCO family. 

However, this method has some serious drawbacks due to the presence of nitrates; in fact, during the calcination 
of the solid gel, the nitrates give off toxic nitrogen oxides and sometimes these explode (J.C.W. Chien et al., J. Pol. 
15 Sc. 28, 2008 (1990)). 

Another drawback of nitrates is linked to the highly oxidative nature of the nitric anion which can promote the 
combustion, even in an atmosphere devoid of oxygen, of the mass rich in organic compounds during its calcination. 

Surprisingly it has now been found that nitrates can be replaced by acetates when citric acid is not added as such 
to the solution but it is made to react and condense separately with ethylene glycol instead of_in_sjt_u; this esterification 
20 product between citric acid and ethylene glycol will, in short, be referred to as the "condensation product". 

The use of preformed polymerization and polycondensation products in the preparation of precursors for super- 
conductors had already been investigated by J.C.W. Chien et al. (J. Pol. Sc. 28, 1 999-2033 (1 990)) but these authors 
have not used any condensation product of citric acid with ethylene glycol. This document is the nearest prior art. 
However, the method of these authors has the disadvantage of requiring the use of nitrates, because the acetates 
25 turned out to be poorly soluble, and even of organic solvents, in particular of dimethylformamide. 

Therefore, the "organic methods" described so far and among these those with citrates can give satisfactory results 
on small scale but are not suitable for medium to medium-large scale preparations for the known drawbacks associated 
with the use of chelating agents and/or of organic solvents, in particular nitrogenous solvent such as dimethylformamide, 
and/or of nitrates. 

30 An object of this invention is therefore to provide a method for the preparation of precursors for superconductors 

based on ceramic oxides without using nitrates and/or chelating agents and/or nitrogenous organic solvents, i.e. a 
method easily applicable on a medium-large scale. 

More particularly, an object of this invention is a method of preparing a precursor for an oxide superconductor, 
comprising the addition of a condensation product to an aqueous solution of metal salts, the total or partial removal of 

35 water from the mixture thus obtained, the subsequent processing of the viscous mass obtained after having removed 
substantially all the water, or the calcination of the solid gel after having removed substantially all water, characterized 
in that the condensation product is an esterification product of citric acid with ethylene glycol prepared separately and 
that the solution of metal salts is substantially a solution of acetates in water and acetic acid. 
In the step where water is removed, the major part of the acetic acid is also removed. 

40 Metal acetates can be added as such or prepared jn_ situ by treatement of a suitable metallic compound with glacial 

or diluted acetic acid. 

Examples of metallic compounds preferred for the preparation of acetates hn_sjtu are those known for being capable 
of forming acetates with glacial or diluted acetic acid. Typically, the above metallic compounds are selected from the 
group comprising oxides, carbonates, citrates and hydrates of yttrium, barium, bismuth, copper, lead, strontium and 
45 calcium, with acetic acid. 

Their stoichiometric ratios vary depending on the composition of the superconductor which one wishes to prepare. 

Possible small quantities of citrates or even nitrates resulting from the attack of small fractions which are difficult 
to dissolve, do not jeopardize the result which are obtained with the method of this invention. 

Specific examples of metallic compounds suitable for the preparation of acetates jn_ situ are: 
50 Y 2 0 3 , CuO and BaC0 3 , for the YBCO system; and 

Bi 2 0 3 , CuO, PB(CH 3 COO) 2 .Pb(OH) 2 .H 2 0, Pb(CH 3 COO) 2 .nH 2 0, Pb(OH) 2 , PbO, SrC0 3 , CaC0 3 , (instead of the hy- 
drated lead acetate the corresponding hydrated citrate Pb 3 (C 6 H 5 0 7 ) 2 .3H 2 0 can be used, as long as it is in small 
portions), for a BSCCO system. 

The chosen metallic compounds, preferably as fine and reactive powder, are brought into solution in a suitable 
55 excess of glacial acetic acid in the case of Bi 2 0 3 , or in acetic acid suitably diluted with water in other cases, by heating 
under vigorous mixing. 

The chosen metallic compounds are added gradually to the acid, preferably in inverse order to their solubilization 
rate. For instance, in the case of the preparation of a BSCCO system from the metallic compounds indicated above, 
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it is preferable to first add Bi 2 0 3 to glacial acetic acid preheated to at least 60°C, subsequently heating between 60°C 
and the boiling temperature in order to completely dissolve the reaction mixture (at the most, a slight opalescence is 
acceptable), then diluting with distilled water. Possible insoluble mixtures are instead treated with a strong acid, for 
instance with the minimum amount of nitric acid, and recovered separately as described further on. 
s In the case of other metallic compounds, it is indeed preferred to use acetic acid properly diluted with deionized 

water or, preferably, distilled water (the typical ratios of acid to water ranges from 1:1 to 1:5 (w/w)) and brought to a 
suitable temperature (50-1 00°C) before each addition. 

Depending on the case ; the speed of mixing and the degree of dilution will be selected in such a way to avoid the 
formation of slow to dissolve aggregates (particularly CuO) and/or the precipitation of acetates. However, at the same 
10 time, ratios of water/acid so high as to cause hydrolysis must be carefully avoided. 

Even though it is not a necessary condition, it is preferable to add gradually and separately the various metallic 
compounds to the solution. 

Preferably, the temperature is maintained between 60°C and the boiling point of the reaction mixture even after 
having completed the solubilization of all the metallic compounds and even during the subsequent step which consists 

is in the addition, under mixing, of a suitable amount of a solution ; preferably freshly prepared and not preheated, of a 
"condensation product" prepared by reacting at 1 1 0-1 70°C from 0.5 to 5, preferably from 0.7 to 2 and, better still, from 
0.9 to 1.2 moles of ethylene glycol for each mole of citric acid. The person skilled in the art will, however, have no 
difficulty in selecting experimentally the optimum ratio for each case. 

Also the amount of "condensation product" which is added to the solution of the metallic compounds can be selected 

20 very easily in view of factors known to the person skilled in the art such as the cation gram equivalents in the solution 
and the chelating ability of the "condensation product". Preferably, it will be such that it can chelate all the metal cations 
present in the solution. 

The solution thus obtained, will then be concentrated by heating to boiling or almost to boiling, under stirring and, 
if it is desired ; under reduced pressure, possibly collecting the water and acetic acid vapours which develop, until the 

25 viscosity of the mixture prevents further mixing of the mass. 

Afterwards the solution can be completely solidified by heating it open without stirring up to about 1 30°C or under 
stirring and reduced pressure until the viscosity of the reaction mixture is such that stirring is blocked. 

The compound thus obtained is a solid glass-like mass, more or less spongy and friable, transparent or often 
slightly opalescent, but homogeneous with the exception of the cases (essentially temporary) of localized overheating. 

30 Instead, it should not present, in unacceptable quantity, phenomena of separation or segregation of the components. 
In such a case, particularly if the temperature has not gone over a certain limit (typically around 1 30°C) for too long, it 
is still possible to avoid the above drawback by bringing the mass back into solution, while still hot, with deionized or, 
preferably, distilled water and possibly with the further addition of a solution of the "condensation product", and after- 
wards again concentrating the solution as described above but in the absence or almost absence of acetic acid. 

35 it has in fact been found that, contrary to the case of YBCO, in the case of BSCCO (containing Sr ; Ca, Cu, PB and 

possibly other elements, but above all Bi), the presence of free citrates deriving for instance from the use of lead citrate, 
can be counterproductive since it can provoke precipitations and segregations even during the concentration or solid- 
ification step. 

However, it has also been found that it is possible to avoid or at least reduce within negligible levels the amount 
40 of precipitates by suitably reducing the amount of residual acetic acid in the solution during the first step (concentration), 
in particular by progressively going by means of various subsequent cycles of partial concentration and redilution with 
deionized or preferably distilled water and at each cycle progressing up to a higher degree of concentration with respect 
to the previous one. Thanks to the development of acetic acid vapours together with those of water, it is possible to 
obtain a decrease in the residual acetic acid in the bulk. 
45 As an alternative it is possible to apply different pressures in order to favour the ratio acid/water in the developing 

vapours. 

Instead of completely solidifying the mixture by heating it up to about 1 30°C in an open container or under reduced 
pressure ; as described above, when the concentrated solution reaches a suitable degree of viscosity by means of 
heating, it can be used (even as thermoplastic glass, if part of the water is still present and/or with the addition of 
50 ethylene glycol, or of plastifying agents, dispersing agents and the like) for all the possible applications, according to 
conventional techniques (T. Umeda et al., Adv. Ceramic Materials, 3 (5), 520-522, (1 988)) such as spinning, immersion, 
spin coating and similar processes, for instance to obtain fibers, layering or application of layers or thin coatings up to 
20 micrometers or more on a support of various nature such as silver, aluminum, strontium titanate, magnesium oxide 
and the like. 

55 in the large scale preparation of the precursor, the solidified mass results preferably porous, friable, essentially 

amorphous to RX-ray diffraction, and free of crystalline phases, which would indicate the occurrence of separation or 
structuring processes and of specific segregations. This is essential for securing the intimate dispersion of the various 
elemental species present in the initially defined ratios. 
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Moreover, the product thus obtained, essentially heat hardening, is prone to be decomposed by heating with for- 
mation of solid residues without formation, not even temporarily of liquids capable of dissolving or segregating the 
compounds of the various elemental metallic species present. 

In other words, the metallic elements, dispersed in the organic matrix of the mass thus solidified, do not liquefy 
s during the heating step which is then performed for demolishing, via pyrolysis and/or oxidation, the remaining organic 
structure. 

This fact is an important advantage of the method of this invention with respect to the known citrate methods 
wherein the drying, even if carried out at low temperatures, often implies the presence, in the solidified bulk, of salts 
(nitrates, etc.) in crystalline form which afterwards tend to melt or to form liquids during the subsequent decomposition 
10 step at higher temperature. 

An advantage derived from the possibility of using limited ratios of the organic matter is that prior to the calcination, 
the solid mass is less tenacious and can be broken up and brought more easily to the subsequent processing step. 

The pyrolysis and calcination are carried out at increasing temperatures until gradual decomposition and removal 
of the organic components occurs. 
is in the initial phase it is preferred to work in lack of oxygen or air and the volatile products which develop can be 

recovered or destroyed or burned, for instance in air in an open flame. Subsequently once the production of volatile 
products has ended, the residual mass is further treated at progressively higher temperatures in the presence of oxi- 
dizing gases (nitrogen/air, air/oxygen, ozone and the like) up to a temperature higher than 600°C, preferably from 700 
to 750°C, to remove the carbon residues. 
20 The porous compound, more or less consolidated or powdered thus obtained, is the precursor for the desired 

superconductor, which can be formed at relatively low temperatures by means of reactions at the solid state among 
the compounds present in the precursor because these latter ones have reached as little degree of structuring and 
separation as possible thanks to the initial dispersion and the avoidance of liquid phases at every stage of the pyrolysis 
and of the oxidative calcination. 
25 in fact such reactions are made easy by the small sizes of the grains, i.e. of the crystals formed, and by the high 

degree of dispersion of the constituents achieved with the method of this invention. 

It is in fact known that these features offer the advantage of high reactivity and susceptibility to evolve towards 
structures gradually more stable and structured, such as the sought superconductors themselves. 

It is known that the diffusion and reaction processes among the components which occur in the preparation of a 
30 superconductor are also made easier by a suitable and proper packing of the precursor, for instance by means of 
pressing, optionally preceeded by disaggregation processes. 

An important advantage of the present invention is that it allows to prepare superconductors containing bismuth 
such as, for example, BSCCO without using nitric acid. 

The precursor prepared according to this invention may have the same composition as the supercondunctor made 
35 therefrom. However, it may also be different. 

As a matter of fact, a further particularly interesting embodiment of the present invention comprises the preparation 
of a precursor wherein at least two different powders, at least one of which has been prepared according to the present 
invention, are mixed to a suitable degree according to conventional techniques. Amongst the most notable cases are 
those wherein one of the powder components is essentially the superconductive phase BSCCO 2212, optionally having 
40 a modified composition, and/or containing Pb, in a microcrystalline powder form. According to the present interpretation 
of the kinetic in the formation of phase 2223.. the crystallites (crystalline granules) of phase 221 2 could be the effective 
nuclei for the subsequent formation of phase 2223, which is the most interesting since it exhibits the highest critical 
temperature. Thus, phase 221 2 can be conveniently prepared on its own and then mixed with a fine reactive precursor 
powder or powders, having a complementary composition suitable to yield a composition which corresponds to BSCCO 
45 2223, optionally containing Pb. 

Thus, the initial superconductive phase 2212, optionally in the form of submicron crystallites, reacts with the com- 
plementary composition(s) during the thermal treatments performed in the manufacturing process for the final product, 
which can be a superconductive wire, layer and so like. 

In this procedure, it is advantageous to use the powders of this invention which, as a result of the intimate internal 
50 mixture of the metal ions ; can yield the superconductive phase more quickly and/or at a lower temperature. Powders 
consisting of particularly fine crystalline grains are thus obtained which have a favourable reactivity for the formation 
of the final phase 2223. 

This procedure is also applicable to the preparation of other superconductive systems such as, for example, YBCO. 

Still another object of this invention is therefore a method for preparing a superconductor comprising the step of 
55 layering at least a mixed superconductor oxide on or incorporating said mixed superconductor oxide into a suitable 
support, wherein the mixed superconductor oxide is a precursor prepared according to this invention. 

Said superconductor may also be made from at least two precursor powders having complementary compositions 
suitable to yield, after mixing according to conventional techniques, a bimodal or multimodal precursor having the same 
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composition as that of the superconductor. 

In turn, one or more but not all of the precursor powders may have been manufactured according to a conventional 
process. 

Preferably, at least one precursor powder has been previously treated at a suitable temperature to form a partially 
s or totally superconductive phase. 

The following examples are intended to illustrate this invention without, however, limiting it in any way. 
The accompanying figures show the X-ray diffraction patterns obtained by inserting the material in an X-ray dif- 
fractometer "Siemens D 500" and working with the reference radiation given in the examples wherein the individual 
figures are mentioned. On the abscissa of the diagrams is reported, on a linear scale, twice the angle theta in degrees 
10 as it is measured by the instrument, theta being the X-rays diffraction angle. On the ordinate is reported on an arbitrary 
linear scale, the measured intensity. 

EXAMPLE 1 

1 5 P_rep_a_rati_on _of a" cqnj de nsat ion jD_rqduct"_of c it rjc_acid with ethy I en e glycol 

A ready aqueous solution containing 292.50 g of citric acid (MW = 1 92.1 ) is used, or it is prepared by dissolving 
320.00 g of citric acid monohydrate (C 6 H 8 0 7 .H 2 0, MW = 210.14) in about 320 g of deionized or distilled water under 
stirring and, if necessary, by moderately heating in order to promote the dissolving process. 

20 To the above solution 100.00 g of ethylene glycol are added, the temperature is increased gradually up to the 

boiling point (105-110°C) and heating is continued under vigorous stirring until the temperature is raised to 140-1 45° C 
and the residual mass is equal to about 360-365 g (the boiling temperature increases as the water is removed; typically 
the mass is reduced to about 420 g when the temperature reaches 120°C). 

With constant stirring, the reaction mixture is cooled by the addition of a sufficient amount of water (about 600 g) 

25 to form a solution which is stable even at room temperature. Lastly it may be convenient, in order to make easier the 
quantitative determination, to further deionized or distilled water to a total of 1000 ml. 

It has been found that if the above mentioned final temperature is increased up to about 160-180°C, the weight 
of the reaction mass is reduced up to about 336-340 g before the condensation product becomes insoluble in water. 
The insoluble condensation product proved to be much less effective for the purpose of this invention. 

30 in a similar manner, "condensation products" were prepared by using molar ratios for ethylene glycol/citric acid of 

from 0.5 to 5. Thus, it became apparent that ratios less than 1 , for instance 0.5, can imply precipitation of the bismuth 
compounds, if any, in the initial step of mixing the solution of the "condensation product" with the dilute acetic solution 
of cations; on the contrary, ratios higher than 2, for instance 5, even though do not give rise to the initial precipitation 
of bismuth, tend to cause separation of precipitates in the advanced stage of the concentration, before gel formation, 

35 and possible prevention of a sufficient gel formation. 

EXAMPLE 2 

_P_rcp_a_rati_on_of a_p_rcc_u_rso_r fqr_BS_CCO 2223 with PB_(sample_BJA22) 

40 

Elemental composition: Bi-, 8 Pb 0 33 Sr-| &1 C^ 9 9 Cu 3 O n 

In a 600 ml Pyrex glass beaker, equipped with a magnetic stirring bar, 90 g of glacial acetic acid are placed and, 
under vigorous stirring, 5.067 g of Bi 2 0 3 are added. 

45 The beaker is covered with a watch glass to contain the dispersion of the vapours and allow refluxing of the con- 

densate, and the mixture is heated to almost the boiling temperature until all the compound is dissolved. Limited 
amounts of insolubles and/or precipitates possibly present at the bottom, be it at this point or during subsequent 
processing of the solution, should be removed and treated separately, according to conventional techniques, in order 
to dissolve them and add then back to the main solution; however, the residual presence of small portions of nitrates 

50 may be accepted. 

Once the solubilization is completed, the clear or slightly opalescent solution is diluted with about 1 50 g of deionized 
or distilled water and gradually, under stirring, 2.884 g of powdered Cu are added while heating is resumed. 

Once a clear blue solution is obtained, heating is stopped and each of the following ingredients, 3.336 g of SrC0 3 , 
then 2.406 g of CaC0 3 and, lastly, 1.394 g of lead citrate (II) trihydrate, or, better still, 1.505 g of lead acetate (II) 
55 trihydrate instead of citrate ; are added gradually and carefully, to limit frothing, and dissolved completely; then heating 
is resumed to about the boiling temperature until complete solubilization. 

Dilution is accomplished with distilled water up to a total volume of about 290 ml and then there are added 80 ml 
of a solution (from the one diluted to a total of 1000 ml) not heated of the "condensation product" prepared according 
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to the preceeding Example 1, while heating is resumed, under vigorous stirring, up to the boiling temperature. 

The solution is then slowly concentrated while keeping it at the boiling temperature always under vigorous stirring 
and leaving the beaker uncovered to promote evaporation and avoiding overheating. 

When the total volume is reduced to about 150 ml, the solution is again diluted with about 50 g of deionized or 
s distilled water and concentrated to about 120 ml and the dilution/concentration cycle is repeated 4 or 5 times, each 
time concentrating more than the previous one to reduce the amount of residual acetic acid. 

Lastly, the solution is further concentrated by discontinuing the stirring when the solution becomes too viscous. At 
this point it is preferred to cover the beaker to limit the formation of a film on the surface and the solution is heated 
uniformously for a sufficient time (typically one night) at 130°C in a oven to avoid overheating. 
10 A homogeneous glass-like or sometimes spongy mass is thus obtained. However, if segregations occur, the mass 

is again dissolved by heating in about 1 50 g of deionized or distilled water and brought to dryness as described above, 
under as vigorous stirring as possible, but in one single cycle. Thus a homogeneous mass is obtained which is glass- 
like and sometimes spongy and friable; typical colour is blue-green, but it is somewhat variable depending on the drying 
conditions (temperature, duration, etc.). 
is The thus obtained dry mass is disaggregated and transferred into an aluminum crucible to be pyrolyzed in absence 

of air by gradual heating to remove the volatile products which can be burned directly in air on an open flame, and in 
any case not going over the 600°C. Subsequently, the flow of air, or the amount of oxygen in the gaseous flow, is 
gradually increased to avoid eccessive sparking and/or overheating, and 700°C are reached and maintained for about 
20 hours to remove the carbon residues. 
20 The product thus obtained is the precursor for BSCCO. 

After grinding to reduce the aggregates, the BSCCO is obtained by means of treatment in an open silver crucible 
at 830°C for 16 hours. 

After grinding in an agate mortar in the presence of absolute ethyl alcohol followed by drying up to 200°C in dry 
air, with this BSCCO samples of threads coated with silver were made with the conventional technique "powder in tube". 
25 These threads proved to be superconductors, with critical current density values higher than 500 A/cm 2 (samples 

M36/1.5-1-P1 and M36-L1-P1 and a 1500 A/cm 2 (sample M36/1 .5-4-P1) at the temperature of liquid nitrogen (77K), 
B=OT. 

EXAMPLE 3 

30 

Pjejaajatjon pi precursor for BSCCO 222 3_ with PBJSample_B_J61 3) 

Elemental composition: Bi-, 8 Pb 0 .4Sr 2 Ca 2 .2Cu 3 O n 

35 in a 600 ml Pyrex glass beaker, equipped with a magnetic stirring bar, 90 g of glacial acetic acid are placed and, 

under vigorous stirring, 5.067 g of Bi 2 0 3 are added. 

The beaker is covered with a watch glass to contain the dispersion of the vapours and allow refluxing of the con- 
densate, and the mixture is heated to almost the boiling temperature until all the compound is dissolved. Limited 
amounts of insolubles and/or precipitates possibly present at the bottom, be it at this point or during successive process- 
40 ing of the solution, should be removed and treated separately, according to conventional techniques, to dissolve them 
and add back to the main solution; however, the residual presence of small portions of nitrates may be accepted. 

Once the solubilization is completed, the clear or slightly opalescent solution is diluted with about 1 1 0 g of deionized 
or distilled water and gradually, under stirring, 2.884 g of powdered Cu are added while heating is resumed. 

Once a clear blue solution is obtained, heating is stopped heating and each of the following ingredients, 3.568 g 
45 of SrC0 3 , then 2.660 g of CaC0 3 and, lastly, 1 .825 g of lead acetate (II) trihydrate, are added gradually and carefully 
to limit frothing, and dissolved completely; heating is resumed to about the boiling temperature until complete solubi- 
lization. 

Subsequently, 52 ml of a cold solution (from the one diluted to a total of 1000 ml) of the "condensation product" 
prepared according to the preceeding Example 1 are added, while heating is resumed, under vigorous stirring, up to 
50 the boiling temperature, and dilution is accomplished with deionized or distilled water up to a volume of about 380 ml. 

The solution is then slowly concentrated while keeping it at the boiling temperature always under vigorous stirring 
and leaving the beaker uncovered to promote evaporation and avoiding overheating. 

When the total volume is reduced to about 150 ml, the solution is again diluted with deionized or distilled water up 
to twice the volume and concentrated to about 120 ml and the cycle of dilution/concentration is repeated twice, each 
55 time concentrating more than the previous one to reduce the amount of residual acetic acid. 

Lastly, the solution is further concentrated up to about 50 ml by discontinuing the stirring when the solution becomes 
too viscous. At this point it is preferred to cover the beaker to limit the formation of a film on the surface and the solution 
is heated uniformously for a suitable time at 130°C in a oven avoid overheating. A homogeneous glass-like or some- 
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times spongy mass is obtained. 

The above mass is then dissolved again by heating in about 250 g of deionized or distilled water, 25 ml of the 
solution of the "condensation product", prepared according the preceeding Example 1 , are added, and the solution is 
dried again proceeding as described above, under as vigorous stirring as possible, but in one single cycle. Thus, a 
s homogeneous glass-like and possibly spongy and friable mass is obtained; its typical colour is blue-green, but it is 
somewhat variable depending on the drying conditions (temperature, duration, etc.). The dry mass thus obtained is 
disaggregated and transferred into an aluminum crucible to be pyrolyzed in absence of air by gradual raising the 
temperature to remove the volatile products which can be burned directly in air on an open flame, and in any case not 
exceeding 600°C. Subsequently, the flow of air, or the amount of oxygen in the gaseous flow, is gradually increased 
10 to avoid eccessive sparking and/or overheating, and 700°C are reached and maintained for about 20 hours, to remove 
the carbon residues. 

The product thus obtained is the precursor for BSCCO. 

The latter one can be obtained by subsequent treatment in air at 830-840°C for 20 hours. 
After grinding in an agate mortar in the presence of absolute ethyl alcohol followed by drying and subsequent 
is treatment at 850°C for 11 0 hours in air in an open silver container, it was obtained a product showing the characteristic 
diffractogram of BSCCO 2223 reported in Fig. 1 (RX Cu-Ka, sample BJ613). 

With this BSCCO, samples of thread coated with silver were made with the conventional technique "powder in tube". 
These threads proved to be superconductors with critical current density values higher than 1 500 A/cm 2 (samples 
M26/1 .5-2-P1 and M26/1 .5-4P-P2 and a 2000 A/cm 2 (sample M27/1 .5-2-P1 ) at the temperature of liqu id nitrogen (77K), 
20 B=OT. 

EXAMPLE 4 

PjejD_a_ration_of a_p_rec_u_rso_r _f qr_BS_CCO 221 2 (Sampjes BJ32_2_, BJ1J 7B,_BJ6_27A] 

25 

Elemental composition: Bi 2 Sr 2 CaCu 2 O n 

In a 1000 ml Pyrex glass beaker, equipped with a magnetic stirring bar, 200 g of glacial acetic acid are placed and, 
under vigorous stirring, 16.5 g of Bi 2 0 3 are added. 

30 The beaker is covered with a watch glass to contain the dispersion of the vapours and allow refluxing of the con- 

densate, and the mixture is heated to almost the boiling temperature until all the compound is dissolved. Limited 
amounts of insolubles and/or precipitates possibly present at the bottom, be it at this point or during successive process- 
ing of the solution, should be removed and treated separately, according to known techniques, to dissolve and add 
back them to the main solution; however, the residual presence of small portions of nitrates may be accepted. 

35 Once the solubilization is completed, the clear or slightly opalescent solution is diluted with about 245 g of deionized 

or distilled water and gradually under stirring, 5.63 g of fine powdered CuO are added while heating is resumed, if 
necessary. 

Once a clear blue solution is obtained, heating is stopped and each of the following ingredients, 10.45 g of SrC0 3 , 
then 3.54 g of CaC0 3 are added gradually and carefully to limit frothing and dissolved completely; the mixture is then 
40 heated up to the boiling emperature until complete solubilization. 

Afterwards, 220 ml of a cold solution (from the one diluted to a total of 1000 ml) of the "condensation product" 
prepared according to the preceeding Example 1 , are added and heating is resumed under vigorous stirring up to the 
boiling temperature. 

The solution is then concentrated leaving the beaker uncovered to promote evaporation and avoiding overheating. 
45 When the total volume is reduced to about 350 ml, the solution is again diluted with about 80 g of deionized or 

distilled water and concentrated to about 220 ml and the cycle of dilution/concentration is repeated some times, each 
time concentrating more than the previous one to reduce the amount of residual acetic acid. 

Lastly, the solution is further concentrated by discontinuing the stirring when the solution becomes too viscous. At 
this point it is preferred to cover the beaker, to limit the formation of a film on the surface and avoid overheating the 
so solution is heated uniformously for a suitable time at 130°C in a non ventilated oven. In the case of formation of seg- 
regations, the mass is dissolved again by heating in about 250 g of deionized or distilled water (with optional addition 
of 20 ml of the "condensation product") and brought again to dryness as described above, until possible under vigorous 
stirring, but in a single cycle. 

A glass-like homogeneous mass is thus obtained, typically blue-green but somewhat variable in colour depending 
55 on the drying conditions (temperature, time, etc.). 

Diffractogram shown in Fig. 2 (RX Cu-Ka, sample BJ61 5, dried for 1 6 hours at 1 20-1 30 °C) is typical for a material 
substantially amorphous (because there is no evidence, with respect to the baseline, of characteristic peaks of crys- 
talline phases segregated during the removal of the liquid solvent to the detriment of the homogeneity of the compound, 
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even at the submicroscopic scale) thanks to the effective action on the various cations from the "condensation product" 
prepared according to the preceeding Example 1, present in the solution even before concentrating it. It prevents the 
crystallization and the precipitation of its components up to the complete removal of the solvent. 

The thus obtained dry mass is disaggregated and transferred into an aluminum crucible to be pyrolyzed in the 
s absence of air by gradually raising the temperature to remove the volatile products which can be burned directly in air 
on an open flame, and in any case not exceeding 600°C. Subsequently the flow of air or the amount of oxygen in the 
gaseous flow is gradually increased to avoid eccessive sparking and/or overheating, and 700°C are reached and 
maintained for about 20 hours. 

The product thus obtained is the precursor for BSCCO. 
10 The latter one can be obtained by means of subsequent treatment in air at about 850°C for 20 hours. 

After wet grinding in absolute ethyl alcohol in an agate mortar, followed by drying, the mass is again treated at 
840 D C in air for about 100 hours in a silver container. 

The BSCCO thus obtained was disaggregated in moist conditions in the presence of absolute ethyl alcohol and 
finally dried up to 200°C in air. The X-ray diffraction spectrum of Fig. 3 (RX Cu-K, sample BJ322) shows that in the 
is product is present the typical phase of BSCCO 2212. 

With this powder samples of threads coated with silver were manufactured, with the known technique "powder in 
tube". 

Thermal treatment of thread samples, typically up to 5 cm long, was carried out in an oven under a gas flow 

according to the following cycle: quick increase to 915°C and permanence at this temperature for 30 minutes, quick 
20 drop to 840°C and permanence at this temperature for 110 hours, drop in three hours to 500°C, then the flow of dry 

air is replaced by a flow of pure nitrogen (0 2 + H 2 0 total < 3 ppm) with permanence for 20 hours at 500°C and cooling 

always in the presence of nitrogen. 

At the temperature of liquid nitrogen (77 K) a sample had a critical current density Jc(77k, OT) = 1730 A/cm 2 

(sample M24/1 .5-13). Another (sample M24/1 .5-8) proved to be superconductor with a critical temperature Tc(R = 0) 
25 = 88.5 K and a critical current density equal to 1290 A/cm 2 (77K, B=OT). Still another (sample M17A-1) had a critical 

current density at 4.2 K of 49,000 A/cm 2 at B=OT and of 25000 A/cm 2 at B=7 T (P. Metra et al., ICPTS'90, Fig. 3, 29th 

April 1990, Rio De Janeiro, Brazil). 

EXAMPLE 5 

30 

Pl^P-AT^t PD _°i I a ^srs_(film tjnjc_k} of_BSCC 221 2 on ajsupgqrt of_Ag 

A portion of the final disaggregated suspension of BSCCO 2212 in absolute ethyl alcohol, obtained from the pre- 
cursor as described in Example 4, was used by depositing some drops thereof until covering the entire superior surface 

35 of plane rectangular silver blades of 4.5 x 45 x 0.2 mm placed horizontally. Afterwards the major part of the alcohol 
was evaporated at 50-70°C in dry air and then gradually raising the temperature up to 150°C to completely dry the 
deposited layers. The pieces were then transferred in a tubular oven and, while keeping them in a flow of dry air, the 
temperature was raised at the rate of about 100°C/hour up to 920°C, kept at this temperature for 30 min ; then lowered 
at the rate of about 100°C/hour up to 840°C, kept at this level for about 40 hours, then lowered at the above rate up 

40 to 500°C: at this point the flow of air was replaced with a flow of pure nitrogen (0 2 + H 2 0 < 3ppm) and the temperature 
was maintained at a constant level for 24 hours, then the temperature was reduced to room temperature at a rate lower 
than 150°C/hour, while keeping in a flow of nitrogen. 

The layers thus obtained (samples BJ627G/BKB20) had a straight cross section from 0.25 to 0.30 mm 2 and proved 
to be superconductors, at the temperature of liquid nitrogen (77 K) and B=OT, with a critical current of about 1000 A/ 

45 cm 2 , measured with transport direct current along the longitudinal direction of the samples (criterion 1 micro V/cm). 

EXAMPLE 6 

Pj;ep_a_ration_qf a jD_rec_u_rso_r f qr_YBCO 1 23 {s_a_mpje cqd_e_YI 928) 

50 

Elemental composition: Y Ba 2 Cu 3 O n 

In a Pyrex glass beaker, equipped with an efficient magnetic stirring bar, 400 g of glacial acetic acid diluted to 25% 
by weight in deionized or distilled water are placed, the beaker is covered with a watch glass to contain the dispersion 
55 of the vapours and allow refluxing of the condensate, and the solution is heated to about 60°C. 
Then 16.00 g of finely powdered CuO are added under vigorous stirring. 

Limited amounts of insolubles and/or precipitates possibly present at the bottom, be it at this point or during sub- 
sequent processing of the solution, should be removed and treated separately, according to known techniques, to 



9 



EP 0 646 974 B1 



dissolve and then add them to the main solution; if necessary it is permitted to tolerate the residual presence of small 
portions of nitrates. 

After having completely dissolved the copper oxide, 7.60 g of finely powdered Y 2 0 3 are added and, under stirring, 
the temperature is raised to promote the complete solubilization, if necessary. The solution is then diluted with about 
s 500 ml of water and, lastly, 26.40 g of BaC0 3 are added. 

The thus obtained solution is heated up to almost the boiling temperature. 1 25 ml of a cold solution (from the one 
diluted to a total of 1000 ml) of the "condensation product" prepared according to the preceeding Example 1 , are then 
added; heating is resumed, under vigorous stirring, to the boiling temperature. 

While leaving the beaker uncovered to promote evaporation and avoiding overheating, the solution is concentrated 
10 up to 200 ml, or even more, discontinuing the stirring when the solution becomes too viscous. 

At this point it is preferred to cover the beaker to limit the formation of a film on the surface and the solution is 
heated uniformously for a sufficient time at 130°C in a oven to avoid overheating. 

A homogeneous glass-like mass is thus obtained which is generally spongy, greenish in colour (typically bottle 
green), variable depending on the drying conditions (temperature, time etc.). The dry mass thus obtained is disaggre- 
15 gated and transferred into an aluminum crucible to be pyrolyzed in the absence of air by gradually raising the temper- 
ature as much as it is sufficient to remove the volatile products which can be burned directly in air in an open flame, 
and in any case not exceeding 600°C. Subsequently the air flow or the amount of oxygen in the gaseous flow is 
gradually increased to avoid eccessive sparking and/or overheating, and a temperature of from 700 to 750°C is reached 
and typically maintained for from 10 to 60 hours. The diffractogram (RX Cu-Ka, sample YI530B750) of Fig. 4 relates 
20 to a precursor after treatment for 55 hours at 750°C and shows that the desired phase, i.e. YBCO 123, has not yet 
formed; however, thanks to the fine size and reactivity of the particles which constitute this precursor, a subsequent 
treatment for 20 hours at only 845°C is sufficient to obtain the prominent presence of the above phase as it is proved 
by the relevant peaks, which are more prominent in the diffractogram of Fig. 5 (sample YI53OB830). 

25 EXAMPLE 7 

PjejD_a_ratipn_of a_p_rec_u_rso_r f qr_a_ YBCO J_24_wit_h_Ca (_S_ampJe Y[_904C) 

Elemental composition: Y 0 9 Ba 2 Ca 0 -, Cu 4 O n 

30 

In a Pyrex glass beaker, equipped with a magnetic stirring bar, 1165 g of a 22% (w/w) aqueous solution of diluted 
acetic acid are placed, the beaker is covered with a watch glass to contain the dispersion of vapours and allow refluxing 
of the condensate, and the mixture is heated to about 60°C. 

Afterwards ; 1 3.20 g of Y 2 0 3 as a fine powder are added gradually, under vigorous stirring. 
35 Limited amounts of insolubles and/or precipitates possibly present at the bottom, be it at this point or during the 

subsequent processing of the solution, should be removed and treated separately, according to known techniques, to 
dissolve and then add them to the main solution; the residual presence of small portions of nitrates is permitted, if 
necessary. 

Once the yttrium oxide is completely dissolved by increasing, if necessary, the temperature up to almost the boiling 
40 temperature, the solution is diluted with 820 g of water and the temperature is brought back to about 60°C and the 
process continues with the gradual addition of 41.33 g of finely powdered CuO, under vigorous stirring. If necessary, 
the temperature is temporarily raised to promote complete solubilization. 

51 .26 g of BaC0 3 and then 1 .30 g of CaC0 3 are added. The final solution thus obtained is heated to almost boiling 
and, lastly, 484 ml of a cold solution (from the one diluted to a total of 1 000 ml) of the "condensation product" prepared 
45 accordingtothe preceeding Example 1 are added while heating upto the boiling temperature is resumed under vigorous 
stirring. 

The solution is then concentrated to 700 g, or even less, at the boiling temperature leaving the beaker uncovered 
to promote evaporation but avoiding overheating, discontinuing stirring when the solution becomes too viscous. 

At this point, it is preferred to cover the beaker to limit the formation of a film on the surface, and the solution is 
50 heated uniformously for a sufficient time at 1 30°C in a oven to avoid overheating. 

The dry mass thus obtained is disaggregated and transferred into an aluminum crucible to be pyrolyzed in the 
absence of air, by gradually raising the temperature as much as it is sufficient to remove the volatile products which 
can be burned directly in air on an open flame, and in any case not exceeding 600°C. Subsequently the flow of air or 
the amount of oxygen in the gaseous flow is gradually increased to avoid eccessive sparking and/or overheating, and 
55 700 D C are reached and maintained for about 20 hours. 

The product thus obtained is the precursor for YBCO. 

Micrografic examination at the scanning microscope of a typical powder thus obtained proves that it is essentially 
formed by aggregates of very fine particles, having size typically lower than 0.2-0.3 micrometers; i.e. well lower than 
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that attainable when grinding the components. This also accounts for the marked reactivity of these powders. 
EXAMPLE 8 

5 Pj;ejDa_ration_of a_p_rec_u_rs_o_r f qr_BS_CCO 2223 con ta in ing _P_b( Sam pj e BJ323A) 
Elemental composition: Bi-| 6 Pb 0 4 Sr2Ca 2 Cu30 n 

In a 1000 ml Pyrex glass beaker, equipped with a magnetic stirring bar, there are placed 240 g of glacial acetic 
10 acid, to which 13.512 g of Bi 2 0 3 are added, under vigorous stirring. 

The beaker is covered with a watch glass to contain the dispersion of the vapours and allow refluxing of the con- 
densate, and the mixture is heated to almost the boiling temperature until all the residue is dissolved. Small amounts 
of insolubles and/or precipitates possibly present at the bottom, whether at this point or during the subsequent process- 
ing of the solution, should be removed and treated separately, according to known techniques, to dissolve and then 
is add them to the main solution; it is permitted to tolerate the residual presence of small portions of nitrates, if necessary. 

Once the solubilization is completed, the clear or slightly opalescent solution is diluted with about 300 g of deionized 
or distilled water and, under stirring, 8.652 g of finely powdered soluble CuO are gradually added while heating is 
resumed, if necessary. 

Once a clear blue solution is obtained, heating is stopped and each of the following ingredients, 1 0.704 g of SrC0 3 , 
20 then 7.254 g of CaC0 3 and, lastly 5.473 g of lead acetate (II) trihydrate, are added gradually and carefully to limit 
frothing and dissolve completely, then heating is resumed to almost the boiling temperature until complete solubilization. 

Afterwards 225 ml of a cold solution (from the one diluted to a total of 1000 ml) of the "condensation product" 
prepared according to the preceeding Example 1 are added and heating is resumed under vigorous stirring up to the 
boiling temperature. 

25 Then, the solution is concentrated leaving the beaker uncovered to promote evaporation and avoiding overheating, 

under vigorous stirring. 

When the total volume is about 450 ml, the solution is again diluted with about 200 g of deionized or distilled water 
and concentrated to about 350 ml and the dilution/concentration cycle is repeated some times, each time concentrating 
more than the previous one to reduce the amount of residual acetic acid. 
30 Afterwards, the solution is further concentrated and stirring is discontinued when the solution becomes too viscous. 

At this point it is preferred to cover the beaker to limit the formation of a film on the surface and the solution is 
heated uniformously for a sufficient time at 130°C in a oven to avoid overheating. 

A glass-like or possibly spongy homogeneous mass is obtained. However, when some segregations occur, the 
mass is dissolved again by heating in about 300 g of deionized or distilled water and brought again to dryness as 
35 described above, under vigorous stirring until it is possible, but in a single cycle. 

A glass-like homogeneous mass is thus obtained, typically blue-green but somewhat variable in colour depending 
on the drying conditions (temperature, time, etc.). Diffractogram of Fig. 6 (RX Cu-Ka, abscissa 20 from 60 20°, sample 
BIA06, dried for 16 hours at 130°C) is typical for a substantially amorphous material (because there is no evidence, 
with respect to the baseline, of peaks characteristic of crystalline phases segregated during the removal of the liquid 
40 solvent to detriment of the homogeneity of the compound, even at the submicroscopic scale) thanks to the effective 
action on the various cations from the "condensation product" prepared according to the preceeding Example 1 , present 
in the solution even before concentrating it. It prevents the crystallization and the precipitation of its components up to 
the complete removal of the solvent. The same material, reprocessed for about 2 hours in air at 200°C, still presents 
essentially the same characteristics, see Fig. 7. These results are definitely different from those which can be obtained 
45 with the known "citrates" methods, which do not make use of the finding of this invention, and wherein at this stage, 
that is in the dried material but before the pyrolysis, the presence of crystallized and, therefore, segregated saline 
phases is shown (for instance, nitrates, A. Aoki, Jpn J. Appl. Phys., vol 29, (2), 1 990, p. I270-L272, Fig. 3). 

The dry mass thus obtained is disaggregated and transferred into an aluminum crucible to be pyrolyzed in the 
absence of air by gradually raising the temperature as much as it is sufficient to remove the volatile products which 
50 can be burned directly in air on an open flame, and in any case not exceeding 600°C. Afterwards, the flow of air or the 
amount of oxygen in the gaseous flow is gradually increased to avoid eccessive sparking and/or overheating, and 
700°C are reached and maintained for about 20 hours. 

The product thus obtained is the precursor for BSCCO. 

After a possible grinding to reduce the aggregates, BSCCO is obtained by treating it in an open silver crucible at 
55 840°C for about 20 hours. 

After disaggregation in an agate mortar in the presence of absolute ethyl alcohol and subsequent drying up to 
200°C in dry air, it was treated at 852°C for 1 00 hours in dry air. 

After further disaggregation and drying, as described above, samples of threads coated with silver were manufac- 
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tured with this BSCCO, with the known technique "powder in tube". 

A sample of these threads (sample M20/1 .5-4P1 P2) showed the following values of critical current density: 
Jc (77K, B=0T) = 1440 A/cm 2 
Jc (4.2K, B=0T) = 8900 A/cm 2 
5 Jc (4.2K, B=6T) = 1470 A/cm 2 

EXAMPLE 9 

Comparative tests_ with the _c o n d e n s a o n groduct_of pit nc_ acid g L e P§L e dj^ithout_eJhv_l en e_ glycol 

10 

In a Pyrex glass beaker 72.00 g of citric acid monohydrate C 6 H 8 0 7 .H 2 0 (MW = 210.14) are placed. While conti- 
nously stirring and avoiding overheating the mass is heated to 1 45°C and this temperature is maintained until the mass 
weight is decreased of 5.4 g. Then the solution is cooled by adding about 1 00 ml of distilled water. The solution is then 
brought to a total volume of 225 ml with distilled water thus obtaining what will be indicated as solution "A". 
15 The above described procedure is repeated except that the same amount of citric acid is brought with the same 

procedure to a temperature of about 162-165°C, keeping it under stirring for the time necessary to reduce the mass 
weight of 12.33 g. The process is then continued as described above until there are obtained 225 ml of a solution 
indicated as "B". 

The above described procedure is still repeated except that the same amount of citric acid is brought with the 
20 same procedure to a temperature of about 165-170°C, keeping it under stirring for the time necessary to reduce the 
mass weight of 1 5.30 g. The process is then continued as described above until there are obtained 225 ml of a solution 
indicated as "C". 

Separately 3 identical solutions are prepared for the precursor for BSCCO 2223, following the directions of Example 
8, but, instead of using 225 ml of the solution of the "condensation product" prepared according to Example 1 , solutions 
25 "A", "B" and "C" are used, respectively. What happens is that as soon as the solutions are added, in each of the cases 
an abundant white precipitate is formed which does not dissolve even with the addition of 20 g of ethylene glycol. This 
shows that ethylene glycol is necessary for preparing an effective "condensation product" according to the present 
invention. 

so EXAMPLE 10 

Comparative tests of _t he "con d e n s_t at io n jdto d uct "_p_r e p_a_r e d with d iff ere Qt_ratiqs_qf _et hyje_n e_qly_co l_ a n d_ c i tr i c acid 

Four solutions of the "condensation products" are prepared according to the procedure described in Example 1 
35 but changing the molar ratios between ethylene glycol and citric acid, and that is by using for each one 72.00 g of citric 
acid monohydrate (C 6 H 8 0 7 .H 2 0, MW = 210.14) and 72 g of distilled water to dissolve it. Afterwards, for the solutions 
indicated as "D", "E", "F" and "G" are used 11.70, 22.50, 45.00 and 112.50 g, respectively, of ethylene glycol, corre- 
sponding to molar ratios of glycol to citric acid equal to 0.5 ; 1 .0 ; 2.0 and 5.0. 

Finally, a fifth solution, indicated as "H", is prepared with a molar ratio equal to 1 .0 proceeding as for solution "D", 
40 but without heating the mass so that citric acid does not "condense" with ethylene glycol. 

Separately 5 identical solutions are prepared for the precursor for BSCCO 2233, following the directions of Example 
8 but the solutions "D", "E", "F", "G" and "H" are used, respectively, instead of 225 ml of the solution of the "condensation 
product" prepared according to Example 1 . 

The results of these tests are shown in the following table: 

45 



Solution 


After the addition 


After the concentration 


"D" 


precipitate 




H ^ ii 


regular 


regular 


"F" 


regular 


regular 


"G" 


regular 


irregular (precipitate) 


11 H" 


abundant precipitate 





The above shows that the presence of not condensed ethylene glycol and citric acid, as is the case with "H", does 
not give good results. 

Furthermore, it is apparent that the preferred range for the glycol/acid ratio is around one. 
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EXAMPLE 11 

_P_rep_a_ratio_n_of a_p_rec_u_rsqr of [pad _B_S_C_C_Q 2223_ with Ag _£B K7 17) . 

s Nominal composition: Bi-, 6 Pb 0 4 Sr 2 Ca 2 Cu 3 O n in an intimate mixture with 12 w/o of metallic Ag. 

Into a Pyrex glass beaker, equipped with a magnetic stirrer and stirring bar, 240 g of pure glacial acetic acid are 
placed and then 1 3.51 g of Bi 2 0 3 are added under vigorous stirring. The beaker is covered with a watch glass to avoid 
the dispersion of the vapours and allow refluxing of the condensate. The solution is heated almost to the boiling tem- 
perature until all the sediment is dissolved (any small quantities of insoluble solid residue which do not dissolve, if any, 

10 is separated and treated apart with a minimum of hot diluted nitric acid; the hot acid solution is then evaporated to near 
dryness : the residue dissolved under heating with glacial acetic acid and finally this solution is combined with the main 
solution). 

Once the solubilization is completed, the limpid, or at the most slightly opalescent, solution is diluted with approx- 
imately 300 g of pure water and then 8.65 g of CuO, in the form of a soluble fine powder, are added gradually under 
is stirring and, if necessary, with heating of the solution. To the thus obtained blue, limpid solution, 1 0.70 g of SrCo 3 , then 
7.25 g of CaC0 3 and finally 5.47 g of Pb(COCH 3 ) 2 trihydrate are gradually and carefully added without heating, so as 
to limit frothing, until each ingredient is dissolved. The solution is then heated to almost boiling temperature until sol- 
ubilization is completed. 

225 ml of a solution (from the one diluted to a total of 1 000 ml) of the "condensation product", prepared according 
20 to Example 1 , are added and heating is resumed, under vigorous stirring, up to the boiling temperature, diluting to a 
total of about 1060 ml with distilled water. 

Small quantities of insoluble residue, if any, are separated and dissolved in a minimum of hot concentrated nitric 
acid; the solution is then evaporated to near dryness, taken up with water and combined with the main solution. 

The solution is then concentrated by evaporation under vigorous stirring; overheating is carefully avoided. 
25 When the total volume is reduced to about 600 ml the solution is again diluted with about 250 g of pure water, 

reconcentrated to about 120 ml and the cycle of dilution and concentration is repeated several times, each time con- 
centrating more than the previous cycle to reduce the amount of the residual acetic acid. The solution is finally con- 
centrated to about 250 ml. 

At this point the solution is diluted to about 330 ml with distilled water and a second solution (B), which is prepared 

30 simultaneously, as described below ; is added under vigorous stirring. 

The solution B is prepared by dissolving, under stirring but without heating, 4.77 g of Ag 2 0, in the form of a fine 
powder, in 120 ml of an aqueous solution containing a sufficient amount (but not more than 7.2 g) of NH 4 OH and finally 
adding 80 ml of the solution of the aforementioned "condensation product". The solution B must have a pH less than 
6 and is best used as soon as it is prepared in order to avoid hydrolysis of the "condensation product". 

35 The resultant solution is concentrated by evaporation, under vigorous stirring to avoid overheating, until it becomes 

very viscous. The beaker is covered with a watch glass to limit the formation of a superficial film and, with uniform 
heating to avoid overheating, the beaker is maintained for a suitable time at 130°C in an unventilated oven. A dry 
homogeneous mass is obtained which is easily crumbled and transferred to an alumina crucible. 

The mass is then pyrolized in the absence of air by gradually heating up to 600°C. The volatile products can be 

40 burnt off directly in air with an open flame. After cooling, the powdery mass is transferred to a smaller crucible, which 
is covered and reheated again up to 550°C. The crucible is then uncovered and calcination is continued in air for a 
further 2 hours. The temperature is then raised gradually to710°C over a period of 2 hours and maintained at this level 
for 17 hours. 

After cooling, the powder is broken into small pieces, ground in an agate mortar and heated in a small basin made 
45 of pure silver, open to the air, to from 835 to 840°C for 1 9 hours. 

A sample of the powder thus obtained was further ground in an agate mortar. The ground powder was then pressed 
into a pure silver tube having an outer diameter of 8 mm and an inner diameter of 4.8 mm, and sealed at both ends. 
The diameter of the tube was then reduced, by repeatedly beating with a rotary swager, to a final value of 1 .5 mm. 

A 50 mm length of the wire thus obtained was pressed at about 50 tons pressure and then thermally treated in a 
so stream of argon, containing 8% (v/v) oxygen, for 1 20 hours at 830°C (the temperature increase and decrease rate was 
of 1 50°C per hour). At a temperature of 77 K and B=0 T the wire proved to be a superconductor, with a critical current 
density of 300 A/cm 2 and, after repeating the pressing step and thermal treatment at 835°C, a value of about 1 300 N 
cm 2 was measured for J c at a temperature of 77 K and B=0 T (sample M47P1 -P). 

55 



13 



EP 0 646 974 B1 

EXAMPLE 12 

_P_rep_a_ratio_n_of a_b]modal precursor ofjead BS C C 0_ 2223JBL320) ; 

s Nominal composition: Bi-| .8 Pb o.4 Sr 2 Ca 2.2 Cu 3°n ( made of a mixture of B(P)SCCO 2212 already prepared, 12.5 

mMol, having a nominal composition Bi-, 8 Pb 0 4 Sr 2 Ca 1 2 Cu 2 O n ., and a complementary portion of the precursor having 
a suitable composition, 12.5 mMol; nominal composition, CaCu0 2 ). 

A) Working similarly to the method described in Example 3, a sample of lead BPSCCO 2212 was prepared. 

10 5.242 g of Bi 2 0 3 were dissolved in 126 g of glacial acetic acid, the resultant solution was diluted with 152 g 

of water and 1 .989 g of CuO were dissolved therein. 3.690 g of SrC0 3 , then 1 .501 g of CaC0 3 and finally 1 .897 
g of Pb(COCH 3 ) 2 trihydrate were dissolved in the solution. To the solution thus obtained 56 ml of the "condensation 
product", prepared according to Example 1, were added under stirring. 

The solution volume was reduced by boiling under stirring from about 300 ml to about 160 ml. Distilled water 

is was then added to 21 0 ml and the solution was concentrated to about 50 ml. The beaker was covered with a watch 

glass and the residue was dried overnight at a temperature of 130°C in a ventilated oven. 

Since the dried mass did not appear to be completely homogeneous, it was taken up with both 50 g of distilled 
water and 7 ml of the abovementioned "condensation product". The small quantity of insoluble solid residue (0.1 
g) was separated and treated with concentrated nitric acid (less than 1 ml), evaporated to near dryness, dissolved 

20 under heating with a small quantity (less than 1 ml) of diluted (1 :4) acetic acid and this final solution was combined 

with the main one. The resultant solution was then dried as described in the preceding examples. 

The mass obtained from the final drying at 130°C was crumbled and treated at 550°C in an alumina crucible 
in the absence of air. The crucible was then uncovered, to expose the product to the air, and heated to and main- 
tained at a temperature of 71 0°C for 1 7 hours. 

25 Upon cooling, the powder was heated to 845°C in a small basin made of silver, open to the air, for 1 9 hours 

to obtain phase 2212. The presence of phase 2212 was detected by X-ray diffraction. 

B) The quantity required for the complementary portion was prepared in a similar way. 

9 g of acetic acid were diluted in 35 g of water and 0.994 g of CuO were dissolved in the solution under stirring 
with moderate heating. 1.251 g of CaC0 3 were then dissolved in the solution while stirring and heating. To the 
30 solution thus obtained 16.5 ml of the abovementioned "condensation product" were added. The solution was then 

concentrated to a volume of less than 45 ml and dried, in a covered beaker, overnight in an oven at 1 30°C. 

The dried mass was crumbled and heated to 550°C in an alumina crucible in the absence of air. The crucible 
was then uncovered, to expose the product to the air, and heated to and maintained at 71 0°C for 38 hours. 

35 The two portions A) and B) were finally combined and mixed together. The mixture was then ground with a suitable 

quantity of absolute ethyl alcohol using an agate mortar in a dry atmosphere. 

Upon drying, the mixture was placed in a small basin made of pure silver and heated to 830°C in the presence of 

air for 1 hour, then in a pure nitrogen stream for 3 hours and finally in an argon stream, containing 8% (v/v) oxygen, at 

a temperature of from 825 to 830°C. 
40 Using this mixture a length of pure silver tube (outer diameter = 8 mm, inner diameter = 6 mm) was filled. Before 

sealing both ends with pure silver covers, the tube was exposed to an argon stream, containing 8% (v/v) oxygen, for 

1 hour at from 825 to 830°C and then cooled. After sealing, the tube was cold drawn several times, each time reducing 

the diameter from 3 to 5% until a final diameter of 1 .5 mm was obtained. 

A sample P2 of about 50 mm of the wire thus obtained was pressed at about 50 tons pressure and heated to 820°C 
45 in an argon stream, containing 8% (v/v) oxygen, for 50 hours (the temperature increase and decrease rate was of 

150°C per hour) The wire sample thus obtained showed a critical current density of 748 A/cm 2 at 77 K and B=0 T. After 

repeating the pressing step and the heating at 820°C for 120 hours, the measured value of J c was 4230 A/cm 2 . A third 

pressing, again at 50 tons pressure, followed by a third heating treatment at 820°C for 1 20 hours yielded a value of J c 

= 5740 A/cm 2 at 77K and B=0 T (sample P2/1 ,5P(6)PP). 

50 

EXAMPLE 13 

PjejD_a_ration_of a_bimodaJ precursor ofjead BSCCO_222_3_(BL430). 

55 Nominal composition: Bi-, .8Pb 0 4Sr 2 Ca 2 2 Cu 3 O n (made of a mixture of BSCCO 2212 already prepared (12.5 mMol) 

having a nominal composition Bi-, 8 Sr-, 8 Ca 0 g Cu-, 8 O n . and a complementary portion of the precursor having a suitable 
composition, 12.5 mMol; nominal composition, Pb 0 4 Sr 0 2 Ca-, 3 Cu-, 2 O n ..). 
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A) Working similarly to the method described in Example 4, a sample of BSCCO 2212 was prepared. 

5.242 g of Bi 2 0 3 were dissolved in 64 g of glacial acetic acid, the solution was then diluted with 77 g of water, 
and 1.790 g of CuO were dissolved therein. Into the resultant solution 3.321 g of SrC0 3 , and then 1.126 g of 
CaC0 3 were dissolved. To the final solution obtained 77 ml of the "condensation product" solution, prepared ac- 
s cording to Example 1 , were added under stirring. 

After drying, the mass was crumbled and heated to 500°C in an alumina crucible in the absence of air. The 
crucible was then left uncovered, to expose the product to the air, and heated to and maintained at a temperature 
of 710°C for 16 hours. 

Upon cooling, the powder was heated in a small basin made of silver, open to the air, at 845°C for 19 hours 
10 to obtain phase 2212. 

B) The quantity required for the complementary portion was prepared in a similar way. 

25.5 g of acetic acid were diluted in 32.2 g of water; into this solution 1 .193 g of CuO were dissolved while 
heating moderately under stirring. Afterwards 1 .897 g of Pb(COCH 3 ) 2 trihydrate, 0.369 g of SrC0 3 and 1 .627 g of 
CaC0 3 were also gradually dissolved while stirring and heating. To the thus obtained solution 25.5 ml of the above- 
15 mentioned "condensation product" were added. The resultant solution was then concentrated to less than 30 g of 

total residue. This was then dried overnight at 130°C. 

Since the glass-like mass obtained did not appear to be completely homogeneous it was taken up and heated 
in 50 ml of water and 5 ml of the abovementioned "condensation product" to obtain a homogeneus solution. The 
solution was then concentrated by boiling under stirring to form a fairly viscous product (< 26 g total residue). The 
20 viscous product was dried overnight in an oven at 1 30° C, in a covered beaker. 

The mass obtained from the drying process at 1 30°C was crumbled and heated to 500°C in an alumina crucible 
in the absence of air. The crucible was then uncovered, to expose the product to the air, and then heated to and 
maintained at 710°C for 16 hours. 

25 The 2 portions A) and B) were finally combined and mixed together. The mixture was then ground with a suitable 

quantity of absolute ethyl alcohol using an agate mortar in a dry atmosphere. 
After drying, the mixture was heated in air to 710°C for a further 16 hours. 

Using this mixture a length of about 70 mm of pure silver tube (outer diameter = 7.5 mm, inner diameter = 5.5 mm) 
was filled. The apparent density of the material was 2.45 g/cm 3 . After pressing the precursor powder into the silver 

30 tube : the tube was heated in air to 830°C for 1 9 hours and, as soon as it was cooled, both ends were sealed with silver 
covers. The tube was then cold drawn several times, each time reducing the diameter from 3 to 5 % until a final diameter 
of 1 .2 mm was obtained. The drawn wire was then cold-finished using rollers having a diameter of 50 mm and rotating 
at a rate of 0.6 cm/second until a final wire thickness of 0.1 mm was obtained by a series of steps, each step reducing 
the diameter by 10%. A length of about 35 mm of this wire was pressed at 50 tons of pressure. After an initial thermal 

35 treatment in an argon stream, containing 8% (v/v) oxygen, for 50 hours at 830°C (the temperature increase and de- 
crease rate was of 1 50°C per hour), pressing followed by thermal treatment was repeated twice to obtain sample P8/1 .2 
(LP)(1 )PP. This sample was approximately 4 mm wide, 0.070 mm thick and showed a critical current density value of 
14,500 A/cm 2 at 77 K and B=0 T. 

X-rays diffractograms and measurements of the magnetic susceptability as a function of temperature confirmed 

40 that while the initial precursor contained only phase 2212, with a critical temperature of less than 95 K, the wire samples 
obtained from it essentially comprise superconductor 2223 with Tc>105 K. X-ray diffractograms, apart from excluding 
the presence of residues of phase 2212 exceeding the sensitivity of the method, show a high degree of preferred 
orientation of the crystal structure, with the C-axis perpendicular to the plane of the wire. This orientation : which is 
believed to be advantageous, is clearly visible in the micrographs of a similar sample (P3/1 .5P1 PP) where the regular 

45 arrangement and considerable continuity in the crystal structure is evident. This accounts for the interesting properties 
of these superconductor samples. 

EXAMPLE 14 

so Pjep_a_ratipn_of a_b]modaJ precursor ofjead BS C C 0_ 222_3_(BL7 1_4) . 

Nominal composition: Bi 1 8 Pb 0 33 Sr 1 87 Ca 2 Cu 3 O n (made of a mixture of BSCCO 2212 already prepared (0.1 Mol) 
having a nominal composition Bi-, 8 Sr-| 8 Ca 0 g Cu-| 8 O n . and a complementary portion of the precursor having a suitable 
nominal composition, 0.1 Mol; nominal composition Pb 0 .3 3 Sr 0 07 Ca-, iCu-, 2 O n ... 

55 

A) Working similarly to the method described in Example 4, a sample of BSCCO 2212 was prepared. 

41.94 g of Bi 2 0 3 were dissolved in 512 g of glacial acetic acid, the solution was diluted with 616 g of water 
and 14.32 g of CuO were dissolved therein. Afterwards 26.57 g of SrC0 3 and 9.01 g of CaC0 3 were gradually 
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dissolved. To the solution thus obtained 613 ml of the "condensation product" solution, prepared according to 
Example 1, were added under stirring. After concentrating to about 400 ml under stirring, the final drying was 
performed as previously described in a covered beaker at a temperature of 130°C. The dry mass obtained was 
crumbled and heated to 550°C in an alumina crucible in the absence of air. The crucible was uncovered, to expose 
s the product to the air, and heated to and maintained at 71 0°C for 1 6 hours. 

Upon cooling, the powder was ground in an agate mortar, placed in a small basin made of silver open to the 
air and heated to 845°C for 1 9 hours to obtain phase 221 2. The product formed was crumbled in an agate mortar. 
B) The quantity required for the complementary portion was prepared in a similar way. 

200 g of acetic acid were diluted in 400 g of water and 9.546 g of CuO were dissolved into this solution while 
10 heating moderately under stirring. Afterwards 12.514 g of Pb(COCH 3 ) 2 trihydrate, 1.033 g of SrC0 3 and 11.011 g 

of CaC0 3 were gradually dissolved in the solution while stirring and heating. To the thus obtained solution 178 ml 
of the abovementioned "condensation product" were added. The solution was then concentrated to less than 280 
g of total residue, and then dried overnight in a covered beaker, in an oven at 130°C. 

The dry mass obtained was crumbled and heated to 500°C in an alumina crucible in the absence of air. The 
15 crucible was then uncovered, to expose the product to the air, and heated to and maintained at a temperature of 

710°Cfor 17 hours. 

The 2 portions A) and B) were finally combined and mixed together. The mixture was then ground with a suitable 
quantity of absolute ethyl alcohol in an agate mortar, in a dry atmosphere. 
20 After drying, the mixture was heated in air at 71 0°C for 1 5 hours and, upon cooling, the desired precursor powder 

was obtained. 

Using this mixture a length of about 60 mm of a pure silver tube (outer diameter = 8.5 mm, inner diameter = 5.5 
mm) was filled. The powder was packed uniformly to an apparent density of 3.23 g/cm 3 . Before sealing both ends with 
pure silver covers, the tube was heated to 815°C in air for 17 hours, then for another 2 hours to 820°C and finally 
25 cooled. After sealing, the tube was cold drawn several times, each time reducing the diameter from 3 to 5 % until a 
final diameter of 1.1 mm was obtained. 

The drawn wire was then cold-finished using rollers having a diameter of 50 mm and rotating at a rate of 0.6 cm/ 
second until a final wire thickness of 0. 1 00 mm was obtained by a series of steps, each step reducing the diameter by 
10% (wire B6). 

30 Two lengths of about 50 mm of this wire were heated to 825°C in an argon stream, containing 8% (v/v) oxygen, 

for 25 hours (the temperature increase and decrease rate was of 150°C per hour). The two wires were cold-finished 
again to a final thickness of 0.090 mm and then heated as before, but for 50 hours. The wires were then cold-finished 
a third time to a diameter of 0.090 mm and again heated for 100 hours. The samples B6/1 .1 L1 LL and B6/1 .1 L2LL were 
obtained and showed, respectively a value for Jc of 9345 and 8940 A/cm 2 at 77 K and B=0 T. 

35 For comparison, two similar samples (B7/1.1 L1LL and B7/1.1 L2LL) obtained following the abovementioned meth- 

od, but starting from a precursor powder of phase 2223 having the same average elemental composition, but initially 
containing predominantly phase 2212 and only 10 % of phase 2223, showed Jc values of 842 and 1065 A/cm 2 , re- 
spectively. The aforesaid powder had been produced from a nitrate solution through precipitation in the oxalates form. 

40 

Claims 

1 . A method of preparing a precursor for an oxide superconductor, comprising the addition of a condensation product 
to an aqueous solution of metal salts, the total or partial removal of water from the mixture thus obtained, the 
45 subsequent processing of the viscous mass obtained after having removed substantially all the water, or the cal- 

cination of the solid gel after having removed substantially all water, characterized in that the condensation product 
is an esterification product of citric acid with ethylene glycol prepared separately and that the solution of metal 
salts is substantially a solution of acetates in water and acetic acid. 

so 2. A method according to claim 1, characterized in that the acetates are prepared jn_ situ by treating metallic com- 
pounds selected from the group comprising oxides, carbonates, citrates and hydrates of yttrium, barium, bismuth, 
copper, lead, strontium and calcium, with acetic acid. 

3. A method according to claim 1 or 2 : characterized in that the addition of the condensation product is performed at 
55 a temperature of from 60°C to the boiling temperature of the reaction mixture. 

4. A method according to any claim from 1 to 3, characterized in that the condensation product of citric acid with 
ethylene glycol is prepared separately by reacting from 0.5 to 5 moles of ethylene glycol with each mole of citric 



16 



EP 0 646 974 B1 



acid at a temperature of from 110 to 170°C. 

5. A method according to claim 4, characterized in that the ethylene glycol/citric acid ratio ranges from 0.7 to 2. 

6. A method according to claim 4, characterized in that the ethylene glycol/citric acid ratio ranges from 0.9 to 1 .2. 

7. A method according to any of claims from 1 to 6, characterized in that after having added the condensation product 
of citric acid with ethylene glycol to the aqueous solution of metal acetates, the reaction mixture is concentrated 
under stirring until the viscosity of the mixture is such that stirring is blocked and that the product thus obtained is 
then dried to at about 1 30°C. 

8. A method according to any of claims from 1 to 6 characterized in that after having added the condensation product 
of citric acid with ethylene glycol to the aqueous solution of the metal acetates, the reaction mixture is heated until 
its viscosity is such that it is possible to spin it or deposit it in the form of a layer or film thick up to 20 micrometers 
on a support made of any of silver, aluminum, strontium titanate and magnesium oxide, or of a mixture or an alloy 
thereof. 

9. A method for preparing a superconductor comprising the step of layering at least a mixed superconductor oxide 
on or incorporating said mixed superconductor oxide into a suitable support, characterized in that the mixed su- 
perconductor oxide is made from a precursor prepared according to one or more of the preceeding claims from 1 
to 8. 

10. A method for preparing a superconductor according to claim 9, characterized in that said superconductor is made 
from at least two precursor powders having complementary compositions suitable to yield, after mixing according 
to conventional techniques, a bimodal or multimodal precursor having the same composition as that of the super- 
conductor. 

1 1 . A method for preparing a superconductor according to claim 1 0, characterized in that at least one precursor powder 
has been previously treated at a suitable temperature to form a partially or totally superconductive phase. 

12. A method for preparing a superconductor according to claim 10 or 11 , characterized in that the superconductive 
phase already formed before mixing is BSCCO 221 2 optionally containing Pb, Pb compounds and mixtures thereof. 



Patentanspruche 

1. Verfahren zur Herstellung eines Precursorstoffs fur einen Oxids up rale iter, das die Zugabe eines Kondensations- 
produktes zu einer waBrigen Losung von Metal Isalzen, die vollstandige oder teilweise Entfernung des Wassers 
aus dem diese Weise erhaltenen Gemisch : die nachfolgende Verarbeitung der erhaltenen viskosen Masse nach 
fast vollstandiger Entfernung des Wassers oder das Gluhen des festen Gels nach Last vollstandiger Entferung 
des Wassers umfaBt, dadurch gekennzeichnet, daB das Kondensationsprodukt das getrennt hergestellte Vere- 
sterungsprodukt von Citronensaure und Ethylenglycol ist und die Losung der Metallsalze im wesentlichen eine 
Losung von Acetaten in Wasscr und Essigsaure ist. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet, daB die Acetate in situ durch Bchandlung von Metallver- 
bindungen, ausgewahlt aus der Gruppe, bestehend aus Oxiden, Carbonaten, Citraten und Hydraten von Yttrium, 
Barium, Bismuth, Kupfer, Blci, Strontium und Calcium, mit Essigsaure hergestellt werden. 

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB die Zugabe des Kondensationsproduktes bei 
einer Tern pe rat ur von 60°C bis zur Siedetemperatur des Reaktionsgemisches durchgefuhrt wird. 

4. Verfahren nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet, daB das Kondensationsprodukt aus Ci- 
tronensaure und Ethylenglycol getrennt durch Umsetzung von 0,5 bis 5 Mol Ethylenglycol mit jeweils 1 Mol Citro- 
nensaure bei einer Temperatur von 110 bis 170°C hergestellt wird. 

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daB das Verhaltnis EthylenglycohCitronensaure 0,7 bis 2 
betragt. 
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6. Verfahren nach Anspruch 4, dadurch gekennzeichnet, daG das Verhaltnis Ethylenglycol:Citronensaure 0,9 bis 
1,2 betragt. 

7. Verfahren nach einem der Anspruche 1 bis 6 dadurch gekennzeichnet, daG nach der Zugabe des Kondensati- 
onsprodukts von Citronensaure und Ethylenglycol zur waGrigen Losung der Metal I acetate das Reaktionsgemisch 
unter Ruhrcn so lange eingeengt wird, bis die Viskositat des Gemisches so hoch ist, dal3 das Ruhren blockiert 
wird und das auf diese Wcise erhaltene Produkt dann bei ca. 1 30°C getrocknet wird. 

8. Verfahren nach einem der Anspruche 1 bis 6, dadurch gekennzeichnet, daG nach der Zugabe des Kondensati- 
onsprodukts von Citronensaure und Ethylenglycol zur waGrigen Losung der Metal I acetate das Reaktionsgemisch 
so lange erwarmt wird, bis seine Viskositat so hoch ist, daG es moglich ist, es zu verspinnen oder in Form einer 
Schicht oder eines Films mit einer Dicke von bis zu 20 ujti auf einem aus Silber, Aluminium, Strontiumtitanat oder 
Magnesiumoxid oder aus einem Gemisch oder einer Legierung daraus hergestellten Trager abzuscheiden. 

9. Verfahren zur Herstellung eines Supraleiters, das die Stufe der Beschichtung eines geeigneten Tragcrs mit we- 
nigstens einem gemischten Supraleiteroxid oder die Einarbeitung des gemischten Supraleiteroxids in diesen Tra- 
ger umfaGt, dadurch gekennzeichnet, daG das gemischte Supraleiteroxid aus einem gemaG einem oder mehreren 
der vorhergehenden Anspruche 1 bis 8 hergestellten Precursorstoff hergestellt wird. 

10. Verfahren zur Herstellung eines Supraleiters nach Anspruch 9, dadurch gekennzeichnet, daG er aus wenigstens 
zwei Precursorpulvern mit komplementaren Zusammensetzungen hergestellt wird, die geeignet sind, nach Mi- 
schen mit konventionellen Techniken einen bimodalen oder multimodalen Precursorstoff mit derselben Zusam- 
mensetzung, wie sie der Supraleiter aufweist, zu ergeben. 

11. Verfahren zur Herstellung eines Supraleiters nach Anspruch 10, dadurch gekennzeichnet, daG wenigstens ein 
Precursorpulvcr vorgangig bei geeigneter Temperatur zur Bildung einer teilweise oder vollstandig supraleitenden 
Phase behandelt wurde. 

12. Verfahren zur Herstellung eines Supraleiters nach Anspruch 10 oder 11 , dadurch gekennzeichnet, daG die bereits 
vor dem Mischen gebildete supraleitende Phase BSCCO 2212 ist, die gegebenenfalls Pb, Pb-Verbindungen und 
Gemische davon enthalt. 



Revendications 

1. Procede de preparation d'un precurseur d'oxyde supraconducteur, qui comporte le fait d'ajouter un produit de 
condensation a une solution aqueuse de sels de metaux, le fait d'eliminer tout ou partie de I'eau du melange ainsi 
obtenu, et le fait de traiter ensuite la masse visqueuse obtenue apres I'elimination pratiquement totale de I'eau ou 
le fait de calciner le gel solide apres avoir elimine pratiquement la totalite de I'eau, procede caracterise en ce que 
ledit produit de condensation est un produit, prepare separement, d'esterification d'acide citrique par de I'ethyle- 
neglycol et en ce que ladite solution de sels de metaux est essentiellement une solution d'acetates dans de I'eau 
et de I'acide acetique. 

2. Procede conforme a la revendication 1 , caracterise en ce qu'on prepare les acetates in situ en traitant, avec de 
I'acide acetique, des composes de metal choisis dans un ensemble comprenant les oxydes, carbonates, citrates 
et hydrates d'yttrium, de baryum, de bismuth, de cuivre, de plomb, de strontium ou de calcium. 

3. Procede conforme a la revendication 1 ou 2, caracterise en ce qu'on effectue I'addition du produit de condensation 
a une temperature qui vaut de 60 °C a la temperature d'ebullition du melange reactionnel. 

4. Procede conforme a I'une des revendications 1 a 3, caracterise en ce qu'on prepare separement le produit de 
condensation d'acide citrique et d'ethyleneglycol, en faisant reagir de 0,5 a 5 moles d'ethyleneglycol par mole 
d'acide citrique, a une temperature de 110 a 170 °C. 

5. Procede conforme a la revendication 4, caracterise en ce que le rapport ethyleneglycol/acide citrique vaut de 0,7 
a 2. 

6. Procede conforme a la revendication 4, caracterise en ce que le rapport ethyleneglycol/acide citrique vaut de 0,9 
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a 1,2. 

7. Procede conforme a Tune des revendications 1 a 6, caracterise en ce que, apres avoir ajoute le produit de con- 
densation d'acide citrique et d'ethyleneglycol a la solution aqueuse d'acetates de metaux, on concentre le melange 
reactionnel, tout en le brassant, jusqu'a un point ou la viscosite du melange est telle que le brassage est force de 
s'arreter, et Ton fait ensuite secher le produit ainsi obtenu, a environ 130 °C. 

8. Procede conforme a Tune des revendications 1 a 6, caracterise en ce que, apres avoir ajoute le produit de con- 
densation d'acide citrique et d'ethyleneglycol a la solution aqueuse d'acetates de metaux, on chauffe le melange 
reactionnel jusqu'a ce que sa viscosite soit telle qu'on puisse en faire un fil, ou I'etaler en une couche ou un film, 
d'une epaisseur valant jusqu'a 20 micrometres, sur un support en argent, en aluminium, en titanate de strontium 
ou en oxyde de magnesium, ou en un alliage ou melange de ces materiaux. 

9. Procede de preparation d'un supraconducteur, qui comporte le fait d'etaler une couche d'au moins un oxyde mixte 
supraconducteur sur un support approprie ou le fait d'incorporer ledit oxyde mixte supraconducteur dans un tel 
support, caracterise en ce que cet oxyde mixte supraconducteur est obtenu a partir d'un precurseur prepare con- 
formement a Tune ou plusieurs des revendications 1 a 8 precedentes. 

10. Procede de preparation d'un supraconducteur, conforme a la revendication 9, caracterise en ce que ledit supra- 
conducteur est obtenu a partir d'au moins deux precurseurs qui sont des poudres dont les compositions sont 
complementaires et qui peuvent donner, apres avoir ete melangees selon des techniques classiques, un precur- 
seur bimodal ou multimodal dont la composition est la meme que celle du supraconducteur. 

11. Procede de preparation d'un supraconducteur, conforme a la revendication 10, caracterise en ce qu'on a preala- 
blement traite au moins une poudre de precurseur a une temperature appropriee pour former une phase totalement 
ou partiellement supraconductrice. 

12. Procede de preparation d'un supraconducteur, conforme a la revendication 10 ou 11, caracterise en ce que la 
phase supraconductrice deja formee avant melange est du BSCCO 2212, qui peut eventuellement contenir du 
plomb, des composes du plomb, ou des melanges de ces composants. 
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